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Abstract
Member investment choice is being gradually adopted by the
superannuation industry as a response to member demands for products
more suited to their individual needs. Traditional, matched investment
schemes create a significant administration burden with few remunerative
benefits. This paper looks at the strategy of mismatching assets and
liabilities under a member investment choice environment. An asset-
liability mismatch has the capacity of simplifying MIC implementation as
well as providing an alternative income source to the fund and to its
members. The analyses evaluate the viability of such an undertaking in
practice.
The paper calculates the level of funding required to support a
mismatch, simulates the return profile of the strategy, and assesses its
sensitivity to any departures from the basic assumptions. Scenario testing
facilitated by portfolio rebalancing is performed to evaluate and confirm
the flexibility and robustness of the scheme. Critical implementation
issues are also discussed, including the problem of attracting capital to
support a mismatch.
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1. Introduction
Considerable growth of the Australian superannuation industry in the
last decade has led to a greater focus on that sector. The interest shown by
governments, employers and members has generated various new
approaches to retirement planning, some of which have instigated
innovations in the industry. One such development is the introduction of
Member Investment Choice (MIC) by an increasing number of funds.
Trustees are under growing pressure to provide MIC in order to allow
greater member involvement in the management of their assets as well as
due to increasing competition within the industry. In 1999, sixty percent
of all Australian superannuation funds offered or were considering
offering investment choice according to a Towers Perrin survey (Hely,
1999). Approximately half of the funds not offering MIC reported they
would introduce it if there was sufficient pressure to do so. These figures
are already higher according to more recent research by the Association of
Superannuation Funds of Australia.
Traditional superannuation practices dictate that accumulation fund
assets should mirror liabilities to the highest degree possible. Hence, as
member asset allocation preferences change under MIC, fund assets
should be reinvested appropriately to reflect such changes. From the fund
perspective, such exact matching of assets and liabilities creates a
considerable administrative burden as well as increased record keeping
costs. Fund administrators and custodians are also faced with the added
difficulty of tracking multiple MIC accounts complicating their already
demanding services.
Moreover, the implementation of MIC requires outlays for the initial
education of members and ongoing communication with them. Increased
costs and a prospect for member dissatisfaction if the process is not
conducted effectively significantly reduce the appeal of MIC to
employers. Yet funds that wish to remain competitive have little choice
but to adapt to members’ changing demands and the new environment by
instituting investment choice.
This paper explores a new strategy, which could improve the profit-
making opportunities of a fund offering member investment choice while
reducing the implementation burden. It is a strategy that has the potential
of enhancing the attractiveness of MIC to employers as well as providing
potential benefits to members. This alternative is a mismatched
investment strategy.
The idea of mismatching in superannuation is not entirely new. For
instance, the World Bank Superannuation Fund in the US has already
adopted a similar investment approach. However, the ramifications of this
process have not been researched extensively. The World Bank fund was
able to trial such activity due to its high capacity to absorb financial risk
and because it is not bound by strict regulation. Most funds, particularly in
Australia, do not enjoy such freedom and close scrutiny of the new
investment approach is necessary. The following work is an attempt to
assess whether an asset-liability mismatch could become a practical
alternative to traditional practices. This paper considers risks, costs, as
well as potential profits associated with mismatching. Legal and
regulatory issues surrounding the implementation of a mismatch in the
superannuation context are very complex and are not addressed here.
Rather, this work focuses on the mechanics of a mismatched strategy:an
it be made to work, and if so, under what conditions is a mismatch likely
to be successful? The issue of how such a strategy fits into the Australian
regulatory framework is an essential part of future research into this area
but one that necessarily follows this initial investigation.
The paper is organised as follows:Section 2 describes how a
mismatched investment strategy can be applied in the context of a
superannuation fund and gives details of the assumptions underlying the
empirical work carried out in the paper; Section 3 discusses the
implications for capital requirements, the sources of such capital, and the
risk-reward tradeoff of a mismatch; Section 4 considers how robust a
mismatched strategy is to adverse market conditions and assesses the
sensitivity of the results to variations in asset allocations; Section 5
discusses practical implementation issues; and Section 6 details the
conclusions reached in this paper.
2. The Alternative to Matching
The concept of mismatching assets and liabilities relies critically on
the behaviour of members after investment choice becomes available to
them. No comprehensive studies have been conducted in Australia to
explore such behaviour. There are, however, views on this issue from
within the industry, based on anecdotal evidence of individual fund
experiences. Such views often point to the tendency for members to avoid
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more volatile asset portfolios in favour of less risky investments, despite
concerted efforts to educate members of the potential benefits of accepting
some level of risk in order to attain more favourable long-term outcomes.
This observation is supported by evidence from the United States where
MIC, referred to as participant-directed schemes, is prevalent. A
Sedgwick Noble Lowndes survey in the US found that between 60% and
80% of members choose more conservative investment options under a
MIC environment (Isaias, 1995). Of course, experience will not always
follow such simple trends, and appropriate member education can
somewhat mitigate this outcome. Nevertheless, there will always be
members for whom a more conservative asset allocation is appropriate
(for example, members nearing retirement age).
Let us assume that there are indeed fund members who choose to
allocate their superannuation savings to a less risky investment option.
Under traditional investment theory, members who choose a more
conservative investment option under MIC can be expected to forego
some element of return as a consequence of that selection.
The hypothesis in question states that, as part of the fund liabilities
shift to a more conservative portfolio (which is expected to yield
decreased returns) assets may remain invested in a more volatile, return-
seeking portfolio constructed by the trustees prior to the introduction of
MIC. In the long run, these assets can be expected to produce returns
superior to those required to satisfy liability obligations. Having allowed
for the cost of capital, surplus earnings created in this way could then be
used in a variety of ways; for instance, to cover some of the
implementation costs of MIC (including education), to be distributed to
members, to build up reserves, or to be assigned to profits.
Excessive volatility of returns can, however, produce solvency
problems. Despite the expectation that, on average, the selected portfolio
should reward with greater returns, the reverse may eventuate during some
parts of the market cycle. The possibility of insolvency, although it may
only be temporary, is clearly a strong disincentive to mismatching.
In summary, the question to be answered is whether an asset-liability
mismatch can improve returns. If so, are the costs and risks involved in
implementing such a strategy too high for it to be a practicable solution?
Is the potential return for this additional risk sufficient to justify the
allocation of funds to cover the risk? To answer these questions, a detailed
investment simulation was conducted using a stochastic model of financial
markets.
2.1 Basic Assumptions and Analysis
All simulations for the purpose of this paper were conducted using a
Towers Perrin stochastic economic projection model labeled CAP:Link
(Capital Market Linkages). The main advantage of the CAP:Link model is
its ability to model asset class behaviour through time for investment
horizons greater than one year (Towers Perrin 1993, Mulvey et al 1995,
Mulvey 1996). The model generates key variable movements, such as
bond yields or inflation, which in turn directly relate to MIC liabilities.
The scenario generator was used to produce 500 individual, 10-year
simulation strings of asset class returns. These were combined to simulate
the behaviour of entire investment portfolios.
Assumptions used in the modelling (unless otherwise indicated) are
based on a combination of consensus economic forecasts, internal
analyses undertaken by Towers Perrin Consulting Services as well as
traditional economic and financial theory considerations. Table 2.1
presents a comprehensive summary of the economic and asset class return
and volatility assumptions, which form the basis for subsequent
modelling.
© 
In
st
itu
te
 o
f 
A
ct
ua
rie
s 
of
 A
us
tr
al
ia
 2
0
0
0
6
Table 2.1: Economic and Asset Class return
assumptions.
Annual Nominal Compound Nominal
Economic Variables
Mean
(% pa)
Std Dev
(% pa)
Mean
(% pa)
Std Dev
(% pa)
Price Inflation 2.49 1.12 2.48 1.50
Wage Inflation 3.99 1.02 3.99 1.16
Asset Classes
Mean
(% pa)
Std Dev
(% pa)
Mean
(% pa)
Std Dev
(% pa)
Cash 4.62 1.65 4.60 1.72
Australian Fixed Interest 5.95 5.68 5.80 1.48
Overseas Fixed Interest - Hedged 5.81 4.75 5.70 1.31
Australian Equity 9.17 17.13 7.88 4.10
Overseas Equity - Unhedged 9.53 15.16 8.50 3.80
Direct Property 7.50 8.91 7.13 7.98
Listed Property 8.15 14.06 7.24 3.82
Emerging Markets 12.00 23.62 9.60 7.85
All of these assumptions reflect passive investments in each asset
class. Expected returns from active managers investing in these classes
will be somewhat different, both in level and volatility. However, these
effects are small compared with those arising from differences between
asset classes, and they are not expected to have a significant effect on the
results of the asset-liability study. All assumptions are based on a ten-year
timeframe. The first two columns of the table contain nominal, annual
means and standard deviations. The last two columns refer to nominal,
ten-year compound values.
Another set of parameters incorporated into the model involves
correlations between the asset classes. Table 2.2 presents a matrix of the
assumed 10-year longitudinal correlations for asset classes included in the
modelling.
The first step in analysing an asset-liability mismatch is to quantify
the sacrifice, in terms of returns, which is made by those members who
choose to move their superannuation assets to a more conservative
portfolio. The amount of returns foregone by those members reflects a
range for potential profits as well as the level of solvency risk.
For the sake of simplicity it was assumed that members have selected
a “Capital Stable” option while the fund assets have a “Growth” profile.
The “Capital Stable” asset class composition was established using the
InTech Investment Performance Survey of Large Funds (31 December
1998). Similarly, the “Growth” profile for the assets is represented by the
Survey’s Growth Asset Weighted Average asset allocation. Asset
allocations of the two portfolios are shown in Figures 2.1 and 2.2
respectively.
Table 2.2: Asset Class correlation assumptions.
Cash
Aust.
Fixed
Interest
World
Fixed
Interest
Aust.
Equity
World
Equity
Direct
Property
Listed
Property
Emer.
Markets
Cash 1.00
Aust. Fixed
Interest
0.09 1.00
Wld Fixed
Interest 0.08 0.91 1.00
Australian
Equity
0.01 0.28 0.27 1.00
World
Equity 0.01 0.34 0.36 0.55 1.00
Direct
Property
-0.05 0.06 0.06 0.06 0.06 1.00
Listed
Property -0.03 0.54 0.50 0.48 0.35 0.08 1.00
Emerging
Markets
0.01 0.08 0.08 0.22 0.18 0.04 0.13 1.00
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Figure 2.1: InTech Capital Stable portfolio asset
allocation
For illustration purposes, it was assumed that $1m was held in each of
the two portfolios at the outset. This amount was then accumulated at
respective rates of return for 10 years. CAP:Link enabled 500 return
strings to be obtained for each investment option, hence five hundred 10-
year accumulations were simulated.
  
Overseas  
Equities 
24% 
Overseas  
Fixed  
Interest 
5% 
Australian  
Fixed  
Interest 
16% 
Emerging  
Markets 
4% 
Listed  
Property 
1% 
Cash 
4% 
Australian  
Equities 
35% 
Direct  
Property 
11% 
Figure 2.2: InTech Asset-Weighted Average portfolio
asset allocation.
The average accumulated benefit at the end of ten years for the Capital
Stable portfolio was $1,881,286. The corresponding 10-year compound
annual return was 6.42% per annum. Analogous results for the underlying
assets were $2,188,089 and 7.89% per annum, respectively; see Table 2.3.
Table 2.3: Comparison of preliminary results.
Capital Stable Growth
Average Accumulated Capital $1,881,286 $2,188,089
Average Compound Return 6.42% 7.89%
Global Standard Deviation 5.44% 9.89%
Probability of Capital Stable option
outperforming Balanced portfolio in any
year
24.90%
Probability of Capital Stable option
outperforming Balanced portfolio over
10 years
13.40%
Under this model,  members who remained in the Growth option are
expected to have an additional 16% in benefits after 10 years. This
corresponds to 1.47% of excess returns. However, there was also a 13.4%
chance that the Capital Stable option would give a higher average 10-year
return. The probability was as high as 24.9% in an individual year.
The specific situation simulated in this paper is deliberately a
simplified representation of typical superannuation investment patterns,
and is designed to provide the clearest possible picture of how a
mismatched strategy works. Further research might consider more
complex model situations, for example the consideration of mismatches
other than Capital Stable/Growth, or the effect of changing the Capital
Stable/Growth mix during the investment term, and so on.
1.2 Fund Position as a Result of the Mismatch
Figure 2.3 depicts the results discussed above in terms of the profit or
loss made by the fund if it introduced an asset-liability mismatch under
the simulated scenario. The values represent the net fund position (assets
less liabilities) at the end of the 10-year investment period and are based
on 500 observations.
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Figure 2.3: Distribution of the profit/loss at the end of
the 10-year investment period. Based on a
total of 500 observations.
Although the distribution exhibits a positive skew meaning that very
high profits can occur from time to time, the possibility of a significant
loss is present. If a shortfall does occur, its average value stands at
$114,413, or 11.44% of the value of the original investment. The most
extreme case out of the 500 simulation strings produced a loss of
$553,128. Clearly this kind of loss, although unlikely, is far too large to
ever be acceptable to the trustees regardless of the requirements of SIS.
Figure 2.4 shows equivalent results for any single year during the
investment period under investigation. The results were obtained by
comparing the accumulated values of assets and liabilities in every year of
the ten-year investment period individually, based on a starting value of
$1m for both portfolios.
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Figure 2.4: Distribution of the profit/loss in any single
year during the investment period. Based on
a total of 5000 observations.
The probability of a loss in any single year is substantially higher than
that expected at the end of the investment period. The average value at
risk is lower, however, and stands at $63,833. The maximum dollar loss in
this case is the same as in Figure 2.3, due to the fact that the greatest
single year loss occurs in year ten under the various ten-year scenarios. It
is clear from these results that if a mismatch were to be a practicable
option, a risk management strategy would need to be put in place.
3. Practical Implementation of an Asset-Liability
Mismatch
3.1 Funding of the Mismatch
Let us assume that the fund has the option of accessing supplementary
capital to cover shortfalls at any time. How such capital might be obtained
is discussed in Section 3.2. The simulation results provided above suggest
that the amounts of capital necessary to maintain solvency can be rather
large. However, in the long-term profits at the end of the ten-year period
occur with a probability of 86.6%, and the profit levels tend to be high. In
fact, the average value of profit (in terms of the excess of assets over
liabilities) at the end of the ten-year investment period was $371,980,
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while it was $214,222 in any single year. Hence it may be possible to set
aside a proportion of these revenues when they arise, and employ the
funds to accommodate losses in subsequent years. This could be thought
of as akin to the management of investment fluctuation reserves.
A different solution to this problem is also available to the trustees.
Rather than drawing on the source of capital in “bad” years, the incidence
of which cannot be predicted reliably, capital could be invested in the
more aggressive portfolio at the outset. This method would allow the
trustees to exercise more control over the solvency of the fund. The
amount of capital committed in this manner would influence the
probability of a future asset shortfall.
3.2 Sources of Capital to Fund a Mismatch
At this stage, the Superannuation Industry Supervision Act does not
allow Australian superannuation funds to engage in profit-making
activities other than through the investment of member and employer
contributions for the benefit of fund members. However, the possibility of
mismatch investments explicitly external to the fund may become
available as the use of the strategy expands in practice.
Currently, capital access is easiest for hybrid funds comprising a
defined benefit component, which is in surplus, and a defined contribution
component. The distribution of a DB fund’s surplus is well known to be a
delicate matter, but a strategy that retains the capital within the fund is a
palatable option. Using the surplus to support a mismatch can be readily
justified, as both the employer and fund members have an interest in the
capital, and its use in a mismatch arrangement potentially benefits both
parties. Industry experience shows that such hybrid schemes have already
expressed interest in similar strategies.
A different source of capital could include the use of member
contributions. The possibility of participating in a mismatch investment
could be given to members through voluntary contributions introduced
specifically for that purpose or through the introduction of an additional
MIC option. The benefit of this approach is the low cost of capital to the
fund and the relative ease of incorporation of such an arrangement. At the
same time, members could profit from a novel crediting rate source.
Alternatively, if the fund was fully vested, then the employer could
make unallocated contributions not explicitly assigned to any employees
or employee groups. This approach could be particularly effective in the
case of a large parent company with ample access to capital reserves. The
returns on that capital could be incorporated into the superannuation
component of salary packaging or they could be used for bonus
distributions. The main problem with this approach would be the
employer’s willingness to commit sufficient capital, the amount of which
could be considerable, and the attraction of a mismatch investment.
Another potential source of capital is the investment fluctuation
reserve. Funds have the capacity of building up such reserves through
surplus accumulations in any division of fund operations. These reserves
could also be used to employ capital from external contributors. Such
capital sources might include rebates received from group life insurance
contracts or from reinsurance. Although similar practices are rare in
superannuation, they play a significant role in the management of life
insurance companies and could find an application in superannuation as a
result of MIC and mismatching.
Securitised risk vehicles are also a product utilised by life insurers,
and they too, could provide a source of supplementary capital to a
superannuation fund. Contracts of this kind are facilitated by merchant
banks. They involve the purchase of a portfolio of government bonds,
which provides regular interest payments, and the establishment of a bond
trust open to individual investors. Trust members would be offered the
bond interest rate on their investment in most years. However, if the
mismatch required additional capital in a particular year, their returns
would be foregone for that period. Government bond interest payments
would be used to support the mismatch in this way when required. Such a
strategy is not cost free, as trust members would not be prepared to pay
the full price for the bond due to the risk of zero coupon payments in some
years. The difference between the price of the bonds and the price paid by
trust members would need to be provided by the fund. Consequently,
mismatch returns would be below those presented in previous sections.
This potential solution is new to the superannuation industry, but as the
implementation of mismatched investment strategies increases in practice,
unconventional approaches to funding are likely to emerge.
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The above discussion of capital sources is preliminary, with many
issues, such as equity and fairness, requiring further consideration. This is
clearly a topic for future research and discussion.
3.3 Modelling of Mismatch Funding
Let us consider the example introduced in Section 2.1, where $1m of
liabilities was placed in the Capital Stable portfolio. Instead of investing
an equivalent amount in the Growth option, as was done previously, the
fund could raise $10,000 of capital and invest a total of $1.01m in the
Growth portfolio. Under the simulation results, this modified strategy
reduced the probability of loss at the end of the 10-year investment period
from 13.4% to 10.4%. The corresponding probability of a shortfall in a
single year decreased from 24.9% to 20.8%. The effects of adding as little
as 1% of the value of the assets as capital  are significant.
The impact of increasing the amount of additional capital further was
the next step of the analysis. The results of these simulations are presented
in Figure 3.1. The graph shows the subsequent decline in the probability
of a loss in the final year of the investment term. It can be observed that
the incidence of loss falls quite rapidly initially because of the extra
committed capital. After the risk is reduced to about 2% the rate of
decrease plateaus. As the graph indicates, when $280,000 of additional
capital was allocated to the Growth portfolio the risk of a shortfall in year
ten is estimated as zero. Hence, based on the simulation, 28% of the value
of the original assets was sufficient to eliminate the risk completely.
 0%
2%
4%
6%
8%
10%
12%
14%
0 50,000 100,000 150,000 200,000 250,000 300,000
Additional capital ($)
P
ro
ba
bi
lit
y 
of
 s
ho
rt
fa
ll
Figure 3.1: Additional capital invested above $1m
versus the probability of a shortfall at the
end of the 10-year investment period.
The corresponding relationship for the probability of a shortfall in a
single year is depicted in Figure 3.2.
It is also worth noting that, even though $280,000 was required to
effectively eliminate the risk of a shortfall under this scenario, accepting a
1 in 100 chance of a shortfall reduces the capital requirement significantly
(to $215,000 when considering the probability of a shortfall in year 10, or
to $170,000 in the case of any single year).
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Figure 3.2: Additional capital invested above $1m
versus the probability of a shortfall in any
given year.
3.4 Profiting from the Mismatch – Risk versus Reward
In order to justify the commitment of capital to a mismatched
investment strategy, it must be demonstrated that the plan is likely to offer
an adequate return to the capital provider. Otherwise the implementation
of a mismatch would prove pointless, as the main driving force behind it
is the potential for increased revenue, which could enhance the
attractiveness of MIC to the fund sponsor.
The way to calculate returns in this case is to consider the profit
secured at the end of the ten-year investment period, relative to the
additional capital provided by the fund for that duration. In the case study
considered so far, it was shown that the extra funds necessary to eliminate
investment or mismatch risk amounted to $280,000. The average profit at
the end of the ten-year period was $919,468 for that scenario. Therefore
pa%63.121
000,280
468,919 10
1
=-
÷
ł
ö
ç
Ł
æ
the average annual return for the ten-year investment period can be
calculated as:
This figure is the average return per annum, with no guarantee of a
positive return in every year. The frequency distribution of the returns
suggests that the probability of a positive return on the $280,000
investment is 98.0%. This is a remarkably high value when considered
relative to other investment options available to the investor, most likely
to be the employer. Based on that result it can be said that this is a
comparatively secure investment proposition. Of course, the return must
be considered in conjunction with the cost of capital, which in turn will
depend on the source of mismatch funding.
Figure 3.3 depicts the frequency distribution of the annual returns on
$280,000 of capital, based on 500 observations.
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Figure 3.3: Distribution of the annual return on capital
of $280,000 for a ten-year investment
period.
Figure 3.3 clearly shows the fact that the bulk of the distribution lies
above the zero return value. There are 10 (or 2%) negative observations;
the most extreme is as low as –29.05%. These points represent outlying
events, which have very small probabilities of occurring in practice. The
possibility of them taking place should not be ignored, however, as they
do pose a risk to the potential investor. But this sort of risk, and in the
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majority of cases, risk far greater than that, is inherent in every investment
undertaking.
Another important characteristic of the return distribution is its
standard deviation. It ought to be considered in close conjunction with the
mean of the distribution, as investment strategies are often described by
referring to these two values. The mean return was 12.63% per annum.
The standard deviation of returns was 6.34% per annum. In order to
interpret these statistics, it is useful to refer back to the first column of
Table 2.1, which lists the assumed means and standard deviations of
various asset class returns. The table indicates that there are no asset
classes with a superior combination of average return and return volatility
when compared with that obtained for a mismatched strategy.
The commitment of capital to the mismatched investment strategy
proves to be a highly desirable investment. The expected returns are
shown to be higher than those of any major asset class in the market, and
the volatility of returns is surprisingly low in light of those high average
returns. These results are partly a consequence of the gearing effect,
described below, achieved through mismatching. The strategy is based on
the investment of funds in excess of members’ assets, where the member
component is fundamental to the success of the scheme. Investing
$280,000 in the Growth portfolio itself, without the support of member
capital, would not yield such an attractive outcome. In fact, the average
return and standard deviation of returns for that case would be 7.89% pa
and 9.89% pa, respectively. A mean return of 12.63% pa is attainable
through the exploitation of the return differentials between the Capital
Stable and Growth portfolios for an investment of $1m and $1.28m in
each option, respectively. Excess returns are generated based on those
amounts, while only $280,000 is provided by the potential investor. It is
this gearing effect that gives rise to the superior return distribution.
The findings in this section form the most critical part of the
investigation. It has been demonstrated that mismatching assets and
liabilities in the superannuation environment represents a viable and
profitable strategy. Of course, the analyses have been simplified to some
extent and, thus far, only one set of assumptions has been used as a basis
for the modelling. But this was the first, crucial step of verifying that a
mismatched investment strategy is worth even considering as a possibility.
Having established that this is indeed the case, it is now reasonable to
perform further, more detailed investigations into the proposal.
3.5 Increasing the Security of a Mismatch Through
Investment of Extra Capital
The analyses presented thus far raise a subsequent question. If a fund
was to implement a mismatched investment strategy, but chose to act in a
more conservative way by committing capital in excess of the minimum
amount required to satisfy liabilities, what would the impact on the return
be? A simulation was carried out to address this issue. Amounts in excess
of the critical amount of $280,000 were assumed to be invested in the
Growth portfolio, with $10,000 increments being considered up to a
maximum investment value of $1,000,000. Average annual returns on a
ten-year investment were determined for those amounts based on 500 ten-
year simulations for each case. Average annual standard deviations of
those returns were also calculated to enable a risk-return consideration.
Figure 3.4 depicts the relationship between the value of the capital
invested and the corresponding average annual return on that capital and
its standard deviation. The graph shows a distinct negative trend relating
the amount of additional capital committed by the fund and the average
annual return. A similar type of relationship holds for the associated
standard deviation of returns. That is, as the additional capital increases,
the mean annual return on that capital decreases, but so too does the
corresponding standard deviation of returns. The decreases appear to
stabilise at a mean return of 8.15% per annum and a standard deviation of
2.45% pa, respectively. Even theoretically, no amount of additional
capital, within reasonable bounds, appears able to reduce either of those
values.
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Figure 3.4: Relationship between additional capital
invested in excess of $280,000 and the
corresponding annual return and standard
deviation of returns.
Therefore, an asset-liability mismatch is an investment with a flexible
risk reward trade-off, which depends on the amount of funds committed.
The upper bound on the investment is an average return of 12.63% pa and
a volatility of 6.34% per annum, assuming supplementary capital at the
level necessary to reduce risk of loss at the end of a ten-year period to
zero. The lower bound is an average return of 8.15% pa and a volatility of
2.45% per annum. These bounds form the range available to a potential
investor, being the fund or otherwise, when members’ benefits are fully
met by the fund in every year, based on the initial assumption set. The
attainable returns themselves may not seem superior to those of alternative
investment opportunities. However it is the risk-return relationship as a
whole that is particularly attractive. When compared with the
combinations offered by any of the major asset classes in Table 2.1, an
asset-liability mismatch again proves to be a favourable proposition to the
risk averse investor.
4. Mismatch Performance Under Adverse Market
Conditions
4.1 Increased Equity Return Volatility
The main risk associated with a mismatched investment strategy is the
potential under-performance of equity securities in relation to lower-
volatility asset classes. Equities are the primary component of the Growth
portfolio and superior returns attainable from these securities form the
basis for the mismatched investment strategy. Therefore increased
volatility of equity returns would be detrimental to a mismatched position,
as higher variability could imply a higher incidence of below-average
performance in any year. Modelling assumptions were modified in order
to quantify the consequences of such adverse market conditions. The
modifications consisted of increasing the annual standard deviation of
Australian and international equity returns by 3% per annum for the entire
ten-year simulation horizon. The expected annual returns were assumed to
be unaffected by this change. In practice, average returns would be likely
to increase as a reflection of the added variability, but this analysis is
aimed at exploring the sensitivity of the strategy to extreme
circumstances, so the returns were not adjusted upwards. Consequently,
the results determine the negative impact of events which, while not very
probable, are possible, and therefore ones which need to be considered to
fully evaluate the viability of an asset – liability mismatch.
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Table 4.1: Comparison of preliminary results for
modelling based on initial assumptions and
modelling based on increased equity return
volatility.
Initial Results Results Based on Modified
Assumptions
Capital
Stable
Growth Capital
Stable
Growth
Average Accumulated Capital $1,881,286 $2,188,089 $1,882,283 $2,193,639
Average Compound Return 6.42% 7.89% 6.42% 7.89%
Global Standard Deviation 5.44% 9.89% 5.68% 10.91%
Probability of Capital Stable
option outperforming the
Balanced portfolio in any year
24.90% 28.52%
Probability of Capital Stable
option outperforming the
Balanced portfolio over 10
years
13.40% 19.60%
A 3% per annum increase in the volatility of Australian and
international equity returns caused a rise in the standard deviation of
returns for the Capital Stable and Growth portfolios by an amount equal to
0.24% pa and 1.02% pa, respectively. The 3% increase in volatility is not
fully translated into higher standard deviation values of portfolio returns
due to diversification effects; as equities are not fully correlated with any
of the remaining asset classes, the overall volatility is only increased by a
proportion of the 3% pa difference.
Reducing the risk of a shortfall at the end of year ten from 19.60% to
zero requires a capital commitment of $390,000, as opposed to $280,000
in Section 3.3. The result is the same when considering the elimination of
the probability of a shortfall in any single year. As expected of the
increased volatility of the equities sector, a mismatched investment
strategy requires more capital. It is the return on that capital, rather than
the amount itself, however, that is of interest in this paper. It may be
possible for the investor to commit larger sums if the return on them
proves satisfactory.
A distribution of returns attainable by the investor is displayed in
Figure 4.1. The returns are based on a $390,000 investment for a ten-tear
period.
The average profit at the end of the ten-year investment period was
$1,166,875, and hence the average annual return over that period was:
pa%63.121
000,280
468,919 10
1
=-÷÷
ø
ö
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This return was lower by 1.05% per annum than the yield of 12.63%
pa attainable under the original set of assumptions, in the scenario where
the risk of a shortfall is eliminated. The shape of the distribution of returns
is also slightly different from that presented in Figure 3.3. It appears to
have a higher concentration of observations in the lower tail, with the
most extreme negative return of –31.81% pa slightly below the previous
scenario minimum of –29.05% pa. The incidence of returns in the ranges
between –2% pa and 4% pa and between 6% pa and 10% pa is also higher.
This occurrence is balanced by a smaller proportion of observations
falling in the upper tail; that is between 12% and 18% pa, and above 20%
per annum. The standard deviation of returns is 6.15% pa, suggesting that
the variation is marginally lower than for the initial analysis, where the
corresponding value was 6.34% pa.
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Figure 4.1: Distribution of the annual return on capital
of $390,000 for a ten-year investment,
based on modified return assumptions.
A conclusion may be drawn that a 3% pa increase in the volatility of
both Australian and international equities causes the mismatch to present
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itself as a less desirable investment strategy. However, the change in the
returns distribution, while significant, is not disastrous. The probability of
experiencing a negative return over the ten-year investment period is
3.20% and the average negative return is - 7.27% per annum, compared
with a probability of loss of 2.80% for the previous scenario, and a lower
average negative return of - 9.69% per annum. Therefore, the expected
value of loss in year ten is higher for the original analysis. Hence the main
disadvantage of the adverse economic environment is a slightly lower
mean annual return over the investment term, but it is offset by a decrease
in volatility of returns.
It must be pointed out that the assumption of a uniform 3% pa
increase in the standard deviation of equity returns for an extended period
of ten years is an extreme consideration, as it is assumed to apply for
every year in the simulation period and is not matched by a corresponding
increase in equity returns. Of course, shorter-term volatility is
characteristic of normal market behaviour, but the assumption made here
of long-term increased volatility is unusual. Therefore it is a good test of
the robustness of the asset-liability mismatch to extreme circumstances, a
test which the investment strategy appears to withstand satisfactorily.
Of course, if the initial assumptions do in fact prove to be accurate but
$390,000 is committed based on an assumption of greater return volatility,
the expected return to the investor is 11.58% per annum and the expected
standard deviation of returns is 4.96% (refer Figure 3.4).
Overall, adverse economic conditions may have a negative impact on
the asset-liability mismatch. However, the strategy does not appear to be
highly sensitive to such events, and any effects are not significant enough
to discredit the viability of a mismatch in practice.
4.2 Market Shocks
In addition to long-term adverse conditions such as those discussed in
the previous section, a mismatched investment strategy may be affected
by sudden and severe market shocks. The October 1987 stock market
crash is an extreme example of such an occurrence but less severe shocks
can be expected from time to time.
The impact of a potential shock was analysed by means of reducing
portfolio returns in both the Growth and Capital Stable options. The
downturn was assumed to last one year and it was simulated 10 times,
once for each year of the ten-year investment horizon.  This approach
enabled a comparison of outcomes depending on when the shock was
introduced. A shock was simulated by reducing Growth portfolio returns
to –30% pa in a chosen year, while at the same time decreasing
corresponding Capital Stable returns to –10% pa. The difference in the
return adjustments is aimed at representing the fact that a downturn is
most likely to emerge from the equities sector. Hence the Growth
portfolio would tend to be affected more severely due to its almost three-
fold exposure to equity securities compared with the Capital Stable option.
The assumed reduction in portfolio returns was chosen arbitrarily with a
view to decreasing returns more substantially than would be anticipated in
practice. That way the results may be regarded as “worst case scenario”
outcomes. The aim of such a consideration is to observe any general
features of a mismatch resulting from a market shock, rather than to
examine the specific scenario in detail.
Ten simulations were conducted with the shock introduced in a
different year for each case. For every scenario 500 independent ten-year
strings were analysed, where the assumed market conditions for each of
the strings were derived from the same return distribution. The observed
impact of the shock does not pertain to a particular market situation, but
rather the results give an indication of the average outcome.
For each simulation, three aspects were considered:th  return
differentials between the Growth and Capital Stable portfolios with no
capital investment, with a $280,000 investment and with an investment
sufficient to eliminate shortfall risk in each case. Figure 4.2 illustrates the
trend in shortfall probabilities as a function of the year of the shock for the
case where no capital is invested in the mismatch.
Figure 4.2 clearly suggests that as the year of the introduction of the
shock approaches the end of the investment period, the probability of a
shortfall in a single year falls significantly. A severe shock in year one has
the effect of decreasing subsequent years’ returns, and therefore the
probability of a shortfall in the remaining nine years is high. If a shock
takes place in year ten, then the first nine years are obviously unaffected
by it and the probability of loss in any single year is only impacted by the
losses incurred in year ten.
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Figure 4.2: Impact of a shock on the probability of a
mismatch shortfall for shocks introduced in
sequential years with no capital investment.
The probability of a shortfall in year ten remains almost constant
regardless of the year in which the shock occurs. This fact suggests that
even if the downturn takes place in year one, the fund does not recover
from the adverse movement within the remaining nine years of the
assumed investment period. These findings hold for the case where no
capital is committed, so they may have been expected to appear rather
grim.
Similar results were obtained for a $280,000 commitment to the
mismatch (the amount sufficient to eliminate shortfall risk under original
assumptions). The probabilities of a shortfall for shocks applied in various
years for this scenario are presented in Figure 4.3.
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Figure 4.3: Impact of a shock on the probability of a
mismatch shortfall for shocks introduced in
varying years with a $280,000 capital
investment.
The overall trend in the progression of the probabilities of loss is
similar to that described in the previous case. The primary difference is
the smaller magnitude of these probabilities. Additional capital has had
the effect of reducing both the risk of a loss in a single year as well as at
the end of year ten. The average probability of a shortfall at the end of
year ten based on all ten scenarios is 17.5% and it does not deviate
significantly from this value. The risk of a shortfall in a single year again
falls as the timing of a shock moves closer to year ten.
Consequently, it may be concluded that a significant short-term shock
can have serious effects on mismatch performance if insufficient capital is
committed. The main concern for trustees is that short-term adverse
conditions can have long-lasting effects on mismatch returns. Therefore,
not only can members’ benefits be significantly diminished, but the
providers of capital stand to lose as well.  This point is reflected in the
average annual returns on $280,000, which range between –2.37% pa and
–1.94% pa for the ten scenarios. The corresponding standard deviations of
returns are between 11.98% pa and 12.67% pa. Clearly these are poor
results, particularly considering the fact that fund liabilities are
jeopardised at the same time.
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The level of capital required at the outset to minimise the probability
of a shortfall for each of the scenarios was determined from the
simulations. These results are useful in assessing the ability of a fund to
prevent losses in practice. The findings are presented in Table 4.2. The
average annual return on the required capital and corresponding standard
deviation values are also included.
Table 4.2: Minimum capital requirements and
investment returns for market shocks
applied in various years
Year of introduction of a shock
1 2 3 4 5 6 7 8 9 10
Capital
required
(000’s of $)
850 760 670 690 710 630 660 600 650 650
Mean annual
return (%)
1.98 1.76 1.51 1.59 1.64 1.38 1.48 1.14 1.53 1.52
Mean annual
std deviation
(%)
4.62 4.96 5.30 5.42 4.88 5.51 5.19 5.49 5.52 5.76
As the table demonstrates, the amount of capital necessary to ensure
member benefit security under the specified conditions is substantial. On
average, the amount is higher by approximately $10,000 if the shock
occurs in the first five years of the ten-year investment period. This
finding is consistent with the previous observation made about the longer
term impact of a market shock. Figures 4.2 and 4.3 show that the risk of a
shortfall in year ten is effectively constant, regardless of the timing of the
shock but that the risk for a single year decreases with time. It follows that
the amount of capital required to eliminate both types of risk should
decrease the later that the shock occurs. This trend, though not very
pronounced, may be observed in the simulation results.
The returns on the individual capital investments are not very
satisfactory. The average annual return based on the ten scenarios is
1.55% per annum with an average standard deviation of 5.26% per
annum. These statistics imply a high incidence of negative returns on the
committed funds over the entire simulated investment period.
A different approach to guaranteeing member benefits is also possible.
Rather than investing large amounts of capital at the outset, capital
injections may be applied when market developments dictate such a need.
This can be done either through investment fluctuation reserves, by using
capital accumulated in years of outperformance, or by entering a financial
insurance contract. Such a contract would enable the fund to access
supplementary capital in pre-specified circumstances. An arrangement of
this kind could also be considered if the trustees wished to decrease the
capital commitment to the mismatch altogether. Of course, insurance
comes at a cost but the particular situation of a fund could lead to it being
a potentially sensible solution. Another alternative lies in the use of index
put options or more complex derivative arrangements. Risk management
through such contracts can be effective, however problems of market
coverage and high costs can prove prohibitive.
The analyses show that a severe market shock would have a negative
effect on both the security of members’ benefits in the absence of
adequate funding, as well as on returns attained by the capital provider.
4.3 Sensitivity of Mismatching to Variation in Asset
Allocations
Until now, two portfolios were used as a representation of the Capital
Stable and Growth investment options offered to members. The following
analyses explore the possibility of modifying those asset allocations, and
in particular focus on the Growth alternative. The modifications cannot be
too extreme however, as the portfolio is characterised by a high level of
diversification. This property is significant and should be maintained if
possible, as diversification has a stabilising effect on portfolio returns.
It is important to note that this modelling was performed as part of
sensitivity analysis of a mismatched strategy. It was not designed as a
practical means of optimising returns but rather as a means to identify the
behaviour of a mismatch under such conditions. The first priority of the
scheme should always be that of delivering best results to member MIC
accounts, not to the mismatch investor.
The allocation to all asset classes was proportionately reduced by 5%
and that fraction of the total portfolio was then transferred into a single
asset class. The process was repeated eight times, once for each of the
asset classes, so that the five percent portion could be allocated to each of
the eight asset components of the portfolio. Increasing the exposure to
each asset class in turn enabled an assessment of the impact that the
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particular sector has on the overall performance of the mismatch. The
results are summarised in Table 4.3 and include the amount of capital
required to support the mismatch in each case, the mean annual return on
that capital over a ten-year investment period as well as the standard
deviation of returns.
The summarised results lead to two observations. First, it is evident
that the base case investment strategy (that is, the one relying on industry
average asset allocations) is not necessarily the optimal approach when
implementing an asset-liability mismatch under the circumstances
assumed in this paper. This fact does not have a direct practical
application, as in practice a fund would not be considering a mismatch
based on industry figures, but rather one founded on the fund’s allocations
and specific requirements. It does suggest, however, that a simplified
approach taking into account only the initial Capital Stable and Growth
portfolios may not produce the best outcome. Further refinement of the
investment strategy has the potential of leading to superior risk-reward
allocations.
Table 4.3: Summary of scenario testing results.
Asset Class Bias
Base
Case
Aust.
Equities
World
Equities
Emerg.
Markets
Direct
Prop.
Listed
Prop.
Aust.
Fixed
Interest
World
Fixed
Interest
Cash
Capital
required
($000’S)
280 310 290 320 320 270 260 260 270
Mean
return
12.63% 12.34% 12.66% 12.70% 12.16% 12.72% 12.54% 12.55% 12.12%
Mean
std dev
6.34% 6.03% 6.09% 5.69% 6.08% 5.95% 6.07% 6.09% 5.90%
Second, the results facilitate a direct comparison of the impact that
particular asset classes have on the performance of a mismatch. In terms
of the level of returns, the portfolio with increased exposure to listed
property appears to produce the highest average return on capital. In
addition, the level of capital needed for that alternative is $270,000, a
relatively low amount compared to the base case scenario and the
remaining options. The third benefit of this alternative is the
comparatively moderate volatility of returns, which, while not the lowest
observed, contributes to an overall performance superior to the other eight
scenarios. The listed property class is liquid and appropriate for
superannuation investments, provided diversification qualities are not
compromised.
The world equities alternative is also a plausible satisfactory asset
allocation. Its average return is greater than that for the base case scenario,
its standard deviation of returns is lower, and the amount of capital
required is approximately the same, at $290,000. Some funds may also
prefer an increased international equities weighting to a listed property
exposure due to a greater familiarity with that asset class. Most funds hold
a significant overseas portfolio, with the allocation reaching almost half of
the total exposure in a growing number of schemes. Hence this option
may have advantages from that perspective.
The portfolio with an increased exposure to emerging markets also
produced favourable results. That case does, however, require a more
substantial capital investment of $320,000. Moreover, trustees are often
hesitant to commit larger proportions of the fund’s assets to the emerging
markets sector. This caution is reasonable, as the emerging economies
historically do not provide stable return expectations. Hence, despite the
apparent benefits of this alternative based on the simulated results, in
practice such a strategy would not be likely to prove popular.
Increased exposure to fixed interest securities could potentially lead to
a successful strategy. Returns for the Australian and international fixed
interest scenarios are below base case returns, but their respective standard
deviations are also lower. In addition, the capital requirement for those
asset classes is only $260,000, the lowest amount observed in the
simulations. The fund could choose this alternative if raising capital was
costly or if a slightly more conservative solution was preferred. This
option also allows the flexibility of increasing exposure to either the
Australian or international fixed interest markets.
Overall, the findings demonstrate that selecting an appropriate
mismatched investment strategy can be a delicate matter. Even small
changes to the Growth portfolio allocations can lead to small but
potentially significant variations in results. Asset class returns are
correlated with one another, and any exposure modifications need to be
analysed in detail to ascertain the likely effects of such changes. The
analyses also show that a mismatched investment strategy can be very
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flexible. Consequently, it may be tailored to particular fund and member
needs and preferences.
5. Practical Implementation Considerations
5.1 Distribution of Mismatch Profits
The objective of an asset-liability mismatch is to increase fund
returns. If that goal is achieved the issue then becomes one of how the
profits should be distributed. The primary factor should definitely be the
source of capital funding for the mismatch. Whether the provider is the
employer, fund members or external investors, some proportion of returns
is likely to be allocated to those stakeholders. There is considerable scope
for argument on the appropriate distribution, however. The issue is similar
to that surrounding the strategies employed by defined benefit (DB)
superannuation schemes with respect to their accumulated surpluses. The
difference is that a mismatch is aimed at yielding additional returns, and
therefore any arrangements for profit distribution need to be specified at
the outset. For DB plans the emergence of surplus is not planned. Of
course, the expected nature of the outcome does not eliminate the
likelihood of some disagreement on the ultimate allocation. The decision
will need to be based on the views of the employer, the employees, as well
as the actuary. The trust deed will need to state how the returns should be
allocated, when they may be paid out to specific stakeholders, and it must
set out the broad treatment of the returns. Taxation implications for all
involved parties should also be considered. Compliance with SIS
legislation and Australian Prudential Regulation Authority requirements
will be critical for the ultimate implementation of the strategy. The impact
of such factors is an obvious starting point for future research.
6. Conclusions
Investigations into an asset-liability mismatch lead to the overall
conclusion that the strategy presents itself as a potentially viable
alternative to traditional superannuation practices. There are significant
risks associated with such a scheme and these need to be analysed in more
depth to determine the ultimate success of the undertaking. Preliminary
testing suggests that, provided sufficient capital support is available, a
mismatched investment strategy is characterised by a very favourable
return profile. Under a realistic set of return assumptions, the scheme
performance is superior to that of the main asset classes available to
investors. The strategy also has the capacity to withstand long-term,
adverse financial market conditions with no negative impact on member
benefits. Short-term systemic shocks pose a larger threat to the mismatch
but adequate funding as well as alternative measures such as financial
insurance have the ability to assure stability in the fund.
This paper is one of the first steps to an exhaustive, broad analysis of a
mismatch.   Before the strategy may be employed by superannuation
funds numerous further practical considerations need to be examined. In
addition to financial soundness, it is critical to study the potential sources
of capital for mismatch funding, the design of the scheme, the level of
member participation and the distribution of any profits generated by the
mismatch. The implications of current regulation also need to be explored
in detail. Hence, there is still a lot of research to follow. This work is an
important first step for such research, as it shows that a mismatched
investment strategy could generate the profits necessary to make it a
viable strategy.
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